CRSM-38 is a high yielding and leaf curl virus tolerant cotton variety, developed in
INTRODUCTION
Cotton (Gossypium hirsutum L.) is the main cash crop of Pakistan with its lion's share of 57% in the foreign exchange earnings (Anonymous, 2008) . As an industrial crop, it has several sectors in the productive chain that provides occupation from farmer's field to cotton ginning and textile industry.
Cotton leaf curl virus (CLCuV) disease is one of the major reasons limiting productivity of cotton in Punjab province of Pakistan (Briddon et al., 2000) . In the past, cotton production in this province increased steadily since *Corresponding author. E-mail: mamoonacrs@gmail.com. Tel: 0092619239521 the debacle (high rainfall and insect pressure) of 1983 and reached the highest records of 12.2 million bales during 1991 and 1992; but in the following year, it reduced to 8.2 million bales due to severe attack of cotton leaf curl virus disease . CLCuV was firstly noted in 1967 at Multan (Punjab) by Hussain and Ali (1975) . Unfortunately, it was not given importance in previous years, because of late infestation and low incidence; consequently, it proved disastrous disease for cotton crop in 1992 to 1993 (Hussain and Mahmood, 1988) .
To tackle this disease, cotton breeders in Pakistan started a research work on evolving CLCuV tolerant/ resistant varieties in 1993; as a result, a number of CLCuV resistant varieties were developed during 1996 and 2001. Due to the resurgence of new strain of CLCuV (B. strain) in 2001, all the varieties as well as available cotton germplasm became susceptible. Therefore, in the absence of immune source, alternative approach is to develop CLCuV tolerant varieties which is need of the day, long-term and viable approach to tackle this problem (Akhtar et al., 2002a) as previously practiced in Sudan (Kirkpatrick, 1931) .
To develop CLCuV tolerant, genotype, genetic variability is the prerequisite for effective selection. Genetic variability was explored among varieties by many scientists (Singh et al., 1973; Ahmad et al., 1982; Hanif et al., 2001 ) who reported significant differences for seed cotton yield. Similarly, Soomoro et al. (1986) and reported significant differences among varieties for seed cotton yield, ginning out turn percentage, fiber staple length, boll weight, number of bolls per plant and plant height. Afzal et al. (2001) also reported highly significant variation among genotypes for number of bolls per plant, seed cotton yield and boll weight.
For cultivar selection procedure or variety recommendation [Genetic (G) × Environment (E)], interaction and stability are among major challenges for plant breeders (Suinaga et al., 2006) . It is a fact that Pakistan's climatic conditions vary from province to province and within the province as well; consequently, performance of cotton crop vary under varying environments . Genetically, it happens because different genes regulate the trait differently under different environmental conditions (Sial et al., 1999) . McPherson and Gwathmey (1996) and Tuteja et al. (1999) found significant (G × E) interaction for seed cotton yield, general and specific adaptation and high seed cotton yield. Hence, identification of those genotypes with high adaptability, stability, predictable performance and productive potential under specific or general environmental conditions is required for a genotype to be released as commercial cultivar (Cruz and Carneiro, 2006; Maleia et al., 2010) .
Therefore, the main objective of our research was to develop a variety of cotton (G. hirsutum L.) which can endure high incidence as well as high intensity of cotton leaf curl virus disease and produce better yield under wide range of agro-climatic zones than those of the existing commercial cultivars.
MATERIALS AND METHODS
CRSM-38, the new CLCuV tolerant variety of cotton was developed through hybridization between 583-85/99 (a CLCuV tolerant line with 42% ginning out turn (GOT), 28.5 mm staple length, 5.2 µg/inch micronaire and 100 g/tex strength) and FH-900 (a CLCuV tolerant variety with 37.5% GOT, 28.5 mm staple length, 4.5 µg/inch micronaire and 94.0 g/tex strength) during 2001 and 2002 at Cotton Research Station, Multan. A pedigree method of plant breeding and selection was employed to advance the segregating population. Following this method, only CLCuV free/highly tolerant and high yielding plants were selected and their seeds were bulked till F5 generation. In F5 generation, the superior progenies were tested in Ahmad et al. 4369 a series of replicated trials before putting it into a national testing system which is mandatory for the release of a variety in Pakistan. Steel and Torrie (1981) . Heritability was estimated in the broad-sense for seed cotton yield as described by Lush (1940) .
where σ 2 g is genetic variance and σ 2 p is phenotypic variance. Genetic advance (GA) and genetic gain (GG) values were calculated as suggested by Johnson et al. (1955a) .
GA = Kh
2 σp where K = 2.06 (selection differential at 5%); σp = phenotypic standard deviation. GG was calculated from GA expressed as a percentage of the population mean.
Other fiber traits including staple length, micronaire and strength were determined by high volume instrument (HVI), Spectrum 1, Uster (American company). Ginning out turn was calculated using the following formula:
GOT (%) = weight of lint in sample / weight of seed cotton in sample × 100
Virus percentage was calculated by the following formula:
Virus (%) = number of virus affected plants / total number of plants × 100.
RESULTS
The analysis of variance revealed that genotypes differed significantly at P ≤ 0.05 probability level for seed cotton yield in NCVT and PCCT ( CLCuV, Cotton leaf curl virus; ±, increase or decrease; LSD, least significant difference.
exhibiting that the new variety obtained higher yield than all other varieties (Table 3) . CRSM-38 recorded highest yields than that of all other varieties in PCCT conducted by Director Cotton Research Institute, Faisalabad during same years (Table 3) (Table 4) . Similarly, in PCCT, it produced higher average yields 2982.78 and 2547.29 (kg/ha) that was 29.00 and 20.00% increase over 2317.50 and 2118.67 (kg/ha) of CIM-496, respectively (Table  5 ) during both years, indicating its wider adaptability and tolerance against CLCuV. The response of the variety to CLCuV was studied at Cotton Research Station, Multan (Table  1 ). The comparison of CRSM-38 with check varieties showed a 77.9% reduction of CLCuV incidence than check varieties. CRSM-38 also showed earliness in maturity which was determined in terms of (%) age of cotton picked on different picking dates starting from 15th September to 15th December. The results reveal that new variety showed 95.2% boll opening on 15th October and 100% on 1st November when compared with CIM-496 which showed 75.3% of boll opening on same date at Cotton Research Station, Multan. At Punjab Seed Corporation, Khanewal Farm, 77.1% was picked after 139 days of sowing, although sowing was late than routine/ normal sowing (Table 6) . Results show that it possessed harmonious combination of fiber quality characters, that was, (39.942%) ginning out turn, (29.07 mm) staple length, (4.385 µg/inch) micronaire and (31.38 g/tex) strength higher than CIM-499, CIM-496 and MNH-786 (Table 7) . Entomological studies on CRSM-38 were conducted to assess its tolerance level against insects (jassid, whitefly, thrips and bollworms) damage in terms of the number of insects per plant (Table 8 ). The data of pest population indicates that the new variety had greater level of tolerance, that was, 0.75 and 2.35 jassids and whiteflies, but almost equal level of thrips 1.45 when compared with check variety (CIM-496) which showed 0.80, 2.75 and 1.00 for jassids, whiteflies and thrips per plant, respectively. Percentage of bollworms attack was also almost equal 3.5% than that of 3.4% in CIM-496. The response of CRSM-38 to increased fertilizer application was positive which is evident from the results ( Table 9 ). The new variety CRSM-38 produced highest yields 4202.46 and 3349.625 kg/ha at highest dose of nitrogen, phosphorus and potassium (168, 112 and 60) during the years under study (2007 to 2008 and 2008 to 2009 ). In spacing trials, the results reveal that at 30 cm plant to plant spacing, the maximum yield of 4202.46 and 3349.625 (kg/ha) was recorded followed by 15 cm, under which it obtained 3337 and 3377 (kg/ha) during 2007 to2008 and 2008 to 2009 (Table 10 ). On the basis of mean yield of two years, CRSM-38 recorded higher yield of 3771.04 kg/ha on 1st May sowing followed by 3001 kg/ha on 15th May sowing. The data indicate higher yield of CRSM-38 than that of CIM-496 across all sowing dates (Table 11) . Heritability, genetic advance and genetic advance as percentage of population mean were estimated (Table  12 ). In our studies, the magnitude of heritability was high (78 to 90%) coupled with high genetic advance (38 to 63.90 %) for seed cotton yield.
DISCUSSION
Chemical control of CLCuV is difficult and less economical. Weiss (2000) reported that agricultural practices would be of no value unless these are accompanied by research into method of disease tolerance/resistance. Disease tolerance/resistance has one major importance in cotton breeding and a lot of work has been done already. In our studies highly significant results of NCVT and PCCT revealed the existence of sufficient degree of genetic variability within species. Similar reports were described by Brugnoli and Lauteri (1991), Muneir et al. (1995) and Ray et al. (1987) that variation exists within species. The average yield of CRSM-38 in PYT and AYT were higher than that of check variety (CIM-496). Similar kind of results were reported by Afzal et al. (2002) and Hussain et al. (2010a, b) . CRSM-38 also obtained higher yields than that of check variety CIM-496 and other candidate varieties over different locations in NCVT and PCCT. This indicated the better adaptability of new variety over wide range of agro-climatic zones of Punjab and Pakistan. These findings are supported by the studies of earlier scientists, such as Tariq et al. (2003) who found higher yield in new variety of cotton than that of check.
Fiber quality traits of CRSM-38 were better than that of check varieties. These traits are combination of different characteristics including staple length, fibre strength, fiber fineness, fiber maturity and fiber elongation. These traits are becoming an increasingly critical issue in modern textile industry (Ali et al., 2008) and have their individual importance in spinning, weaving and dying units (Munro, 1987) . CRSM-38 also found greater level of tolerance against insect pests than commercial variety (CIM-496). Hussain et al. (2010a, b) also reported similar conclusion. Yield was increased with increased level of nitrogen, phosphorus and potassium (168, 112 and 60, respectively), proving the fact that among the nutrients, phosphorus is necessary for cell division that stimulates number of flower buds and bolls per plant (Russell, 1973) . It enhances growth of cotton crop economically, increases seed cotton yield and improves fiber quality traits Sawan et al., 2008; Sharma et al., 1991) . Nitrogen is an essential nutrient in composing fatty acids of oil and in building the protein structure of cotton plant (Frink et al., 1999) . Potassium (K) increases the photosynthetic rates of crop leaves (Sangakkara et al., 2000) and helps in metabolism of nucleic acids, proteins, vitamins and growth substances (Bisson et al., 1994; Bednarz et al., 1999) resulting in enhancing seed weight and quality. Plant spacing is one of the significant factors affecting yield of cotton crop, and suitable spacing is critical to exploit yield potential of newly developed variety of G. hirsutum (Bhalerao et al., 2010) . In our studies, the highest yield of CRSM-38 was recorded at 30 cm plant to plant spacing followed by 15 cm. Hussain et al. (2000) recorded similar findings that 30 cm plant to plant spacing enhanced plant height, number of bolls per plant and boll weight comparing 10 and 20 cm. The sowing date is the most critical management factors in cotton crop. Suitable planting dates enhance seed cotton yield and lint quality. In our experiment, on the basis of mean yield of two years, CRSM-38 recorded higher yield on 1st May followed by 15th May. Delaney et al. (1999) reported similar results that seed cotton yield has been reduced significantly when cotton sown later than 30th May in Alabama, USA.
Similarly, seed cotton yield has been maximized in early planted cotton crop as compared to late planting in which number of bolls per plant and boll weight reduced (Anonymous, 2008a (Anonymous, , b, 2009a . Different cotton research organizations of Pakistan also found the same result, that cotton sown later than 15th June is not economical (Anonymous, 2007a (Anonymous, , 2008a .
Hence, CRSM-38 appeared early in maturity. The present investigation revealed that May sowing with close plant spacing (30 cm) could be applied to enhance earliness in CRSM-38. Dowker (1971) supported our results and found out those environments in which the genotypic effects of interaction may be enhanced and was of opinion that it is desirable to capitalize on the G × E interaction in a breeding programme. Palomo et al. (1998) and Carvalho et al. (1999) also made recommendations for favorable and unfavorable environments on the basis of stability parameters in cotton. In certain cases, the environmental factors with adverse effects may be remedied if suitable agronomic or other steps were taken e.g. control of white fly. However, it may often be easier to cure the genotype rather than the environment (Epstein, 1963; Allard and Bradshaw, 1964) . Therefore, Bucio-Alanis et al. (1969) and Bains (1976) reported that the mean performance and the ability to perform con-sistently over variable environments can be genetically manipulated. Our studies show high magnitude of heritability for seed cotton yield. Results are in conformity with those of Hanif et al. (2008) who assessed high estimates in broad sense heritability (0.68 to 0.99) for six plant characters in cotton. High heritability percentage shows high heritable variance which indicates that improvement of a population is possible through selection (Ansari et al., Johnson et al. (1955a) and Eid (2009) emphasized the fact that without genetic advance, the heritability values would not be more reliable in selection based on phenotypic appearance. In our studies, high heritability values coupled with high genetic advance were recorded for seed cotton yield. Soomro et al. (2010) found similar results that seed cotton yield showed 81.14% high heritability in broad sense coupled with high genetic advance of 60.18%. The higher estimates of genetic components, such as heritability and genetic advance as percentage of population mean together confirmed the presence of additive genetic effects which played a greater role to transmit genetic variation from parents to progeny. This indicates that resistance or tolerance to CLCuV could be improved by selection for seed cotton yield and this trait could easily be fixed in the genotypes through selection in early generations. Larik et al. (1997 Larik et al. ( , 2000 supported our findings, that seed cotton yield is a complex polygenic trait and its inheritance is most fluctuative exhibiting high broad sense heritability and genetic advance, showing that it is controlled by additive type of genes and improvement of these traits has been suggested by simple selection method.
Conclusion
It was concluded that seed cotton yield was under the control of additive genetic effects and selection was effective in the development of CRSM-38. The new variety CRSM-38 performed better than that of the commercial variety CIM-496 and the new strains of different research institutes of Punjab in terms of yield, CLCuV tolerance and fiber quality traits. Therefore, CRSM-38 was recommended for general cultivation in Punjab province of Pakistan by the Punjab Seed Council.
